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Aim: Type 2 Diabetes Mellitus (T2DM) is associated with both microvascular
complications such as diabetic retinopathy (DR), and macrovascular complications like
coronary artery disease (CAD). Genetic risk factors have a role in the development of
these complications. In the present case-control study, we investigated genetic variations
associated with DR and CAD in T2DM patients from the United Arab Emirates.

Methods: A total of 407 Emirati patients with T2DM were recruited. Categorization
of the study population was performed based on the presence or absence of DR and
CAD. Seventeen Single Nucleotide Polymorphisms (SNPs), were selected for association
analyses through search of publicly available databases, namely GWAS catalog, infinome
genome interpretation platform and GWAS Central database. A multivariate logistic
regression test was performed to evaluate the association between the 17 SNPs and
DR, CAD, or both. To account for multiple testing, significance was set at p < 0.00294
using the Bonferroni correction.

Results: The SNPs rs9362054 near the CEP162 gene and rs4462262 near the
UBE2D1 gene were associated with DR (OR = 1.66, p =0.001; OR = 1.37, p = 0.031;
respectively), and rs12219125 near the PLXDC2 gene was associated (suggestive)
with CAD (OR = 2.26, p = 0.034). Furthermore, rs9362054 near the CEP162 gene
was significantly associated with both complications (OR = 2.27, p = 0.0021). The
susceptibility genes for CAD (PLXDC2) and DR (UBE2D1) have a role in angiogenesis
and neovascularization. Moreover, association between the ciliary gene CEP162 and DR
was established in terms of retinal neural processing, confirming previous reports.

Conclusions: The present study reports associations of different genetic loci with DR
and CAD. We report new associations between CAD and PLXDC2, and DR with UBE2D1
using data from T2DM Emirati patients.

Keywords: type 2 diabetes mellitus, diabetic retinopathy, coronary artery disease, single nucleotide polymorphism,
United Arab Emirates, Arab population
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INTRODUCTION

Diabetes is among the largest global health emergencies in the
twenty-first century, as it creates a major human and financial
burden worldwide (1). The International Diabetes Federation
(IDF) has estimated that 415 million people have been diagnosed
with diabetes in 2015, and the number is expected to rise to 642
million by 2040. The financial burden associated with diabetes
worldwide has been estimated to be 5-20% of total health
expenditure (1). Within the United Arab Emirates (UAE), the
prevalence of diabetes in adults between the age of 20-79 years
old, was found to be 19.3% in 2015, with diabetes associated costs
per individual reaching 21559 USD (1). Diabetes prevalence
in the UAE is among the top prevalence rates in the Middle
East and North Africa (MENA) region, with comparable levels
to Saudi Arabia (20.0%) and Kuwait (20.0%); while showing
higher prevalence levels as compared to other countries in the
MENA region such as Egypt (16.7%), Jordan (11.7%), and Oman
(14.8%) as reported by IDF(1).According to the IDE type 2
diabetes mellitus (T2DM) is the most common type of diabetes
(1), accounting for more than 90% of patients diagnosed with
diabetes (2). Contributing to the human and financial costs of
T2DM is that it is a complex multifactorial disease resulting from
a combination of genetic, environmental, and behavioral risk
factors that manifest in multiorgan dysfunction (3).

T2DM can lead to a number of long-term serious
complications and health problems. Consistently high blood
glucose levels (BGL) can seriously damage the heart, blood
vessels, vision, the nervous system, and kidney. Therefore,
T2DM is commonly associated with microvascular as well as
macrovascular complications including diabetic retinopathy
(DR), and coronary artery disease (CAD), respectively.

CAD is defined as a complex disease resulting from an
interplay between lifestyle, environmental and genetic factors
(4). Globally, diabetes is recognized as a major cause of CAD
(5), which in turn is ranked as number one cause of mortality
worldwide (4-6). Adults with diabetes are reported to have
a higher death rate by 2 to 4-folds from CAD, as compared
to adults without diabetes (5). Identified common risk factors
associated with CAD include hypertension, smoking, increased
age, diabetes mellitus, male-gender, diet high in fat, elevated
low-density lipoprotein (LDL) cholesterol, reduced plasma high-
density lipoprotein (HDL) cholesterol, increased triglycerides,
and increased plasma total cholesterol (4, 6).

A study by Al-Maskari et al. reported CAD prevalence levels
of 14.4% among UAE residents with diabetes in Al-Ain city, with
age (p = 0.04), diabetes duration (p = 0.002), and hypertension
(p = 0.04) reported as major risk factors (7). CAD prevalence

Abbreviations: UAE, United Arab Emirates; T2DM, type 2 diabetes mellitus; BGL,
blood glucose levels; DR, diabetic retinopathy; CAD, coronary artery disease; LDL,
low-density lipoprotein; HDL, high-density lipoprotein; NPDR, non-proliferative
diabetic retinopathy; PDR, proliferative diabetic retinopathy; GWAS, Genome
Wide Association Studies; SNPs, single nucleotide polymorphisms; WHO, World
Health Organization; HWE, Hardy-Weinberg Equilibrium; UBE2D1, ubiquitin
conjugating enzyme E2 DI1; HIFIl-a, hypoxia-inducible factor alpha subunit;
VEGE, Vascular Endothelial Growth Factor; PLXDC2, Plexin domain-containing
protein 2; PEDE Pigment Epithelium Derived Factor.

of 17.8% among diabetic population from Yemen was reported
while a prevalence of 23.7% for CAD among diabetic individuals
was reported in Iran (8). Reduction in mortality and morbidity by
30-40% has been reported by studies targeting such risk factors
and illustrating the importance of preventive measures against
diabetes and CAD (6). Yet, genetic predisposition is estimated
to account for 40-60% of CAD susceptibility (6) as concluded
from familial and twin studies (5). Such studies highlight the
importance of investigating not only common risk factors, but
also genetic risk factors associated with CAD in patients with
diabetes in order to provide early prevention schemes to reduce
the mortality rates caused by CAD among patients with diabetes.

Diabetic Retinopathy (DR) is another serious complication of
T2DM and is the most common cause of blindness for adults
in developed countries (9). Deterioration of vision implicated
in DR is a gradual process starting from mild non-proliferative
diabetic retinopathy (mild-NPDR), to moderate and severe non-
proliferative diabetic retinopathy (NPDR), finally to proliferative
diabetic retinopathy (PDR) (10). Prevalence of DR is related to
a number of common risk factors including diabetes duration,
poor glycemic control, hypertension and dyslipidemia (5, 9-11).
In the UAE, the prevalence of DR with diabetes was found to be
19% in Al-Ain (12). Prevalence of DR among different diabetic
populations was reviewed by Zabetian et al. (8), and reported as
follows; Saudi Arabia (30.0%), Qatar (23.5%), and Oman (16.2%).
In addition to common risk factors, genetic risk factors have been
reported to play an important role in the development of DR,
where their impact accounts for 25-50% of DR risk (11).

Several Genome Wide Association Studies (GWAS) have
identified possible genes associated with DR and CAD (13-16),
with different degrees of genetic associations. For instance, the
GLUL gene in human endothelial cells is associated with CAD
in the T2DM European population (17), while the GRB2 gene is
associated with DR in T2DM Australian patients and upregulated
in neovascularization and retinal stress (18). To date, GWAS
has been conducted on different ethnic groups. However, no
extensive studies from the Middle Eastern population have been
conducted (19).

The aim of the present study is to investigate common genetic
variants (17 single nucleotide polymorphisms, SNPs) that have
been reported to increase risk of diabetic complications including
diabetic retinopathy (DR), coronary artery disease (CAD), or a
combination of these two (R+CAD) in a case-control study in
an Arab population in the UAE. This can help in establishing a
comprehensive prevention program in the future for the diabetic
Emirati population by considering early detection for T2DM
complications in patients with certain SNPs preventatively.

METHODS

Subjects and Sample Collection

Study subjects were enrolled in during routine visits to the
endocrinology and cardiology clinics at Sheikh Khalifa Medical
Centre (SKMC) and Mafraq Hospital in Abu Dhabi city, in
the period between July 2014 and May 2015. The study cohort
consisted of 407 (234 females and 173 males), unrelated patients
diagnosed with T2DM from the UAE. The Institutional Ethics
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Committees of SKMC and Mafraq Hospital both reviewed and
approved the study (REC-04062014 and R292, respectively). All
participants provided written consent in accordance with the
Helsinki Declaration of ethical conduct in research.

A qualified physician confirmed the presence of diabetes
associated complications, as outlined in the criteria by the
World Health Organization (WHO) consultation group report
(20). Subjects included in this study were UAE-born nationals,
diagnosed with T2DM, can give consent and older than 18
years of age when enrolled in the study. Subjects who could not
give consent, who were pregnant at the time of enrollment or
who were diagnosed with other pathophysiology like cancer or
psychosis, were excluded from this study.

Biochemistry tests were performed at the time of enrollment.
Blood pressure was taken at two different time points, 48 h apart,
and the average was taken. Diagnosis criteria of hypertension and
dyslipidemia were previously defined in Jelinek et al. (21)

The major complications of T2DM considered in this study
were coronary artery disease and retinopathy. Diagnosis of
cardiovascular disease was obtained from the medical records
using ICD-9 diagnostic codes 410-414, and verified by the
consulting physician. Diagnosis of retinopathy was defined
according to WHO criteria (22), by the presence of either white
or red lesions (non-proliferative or proliferative retinopathy) or
the presence of both in the retina.

Genotyping

The GWAS data were obtained from 490 individuals resident
in the United Arab Emirates (UAE). Genotyping was performed
on the Infinium Omni5ExomeHuman chip according to the
manufacturer’s protocols (Illumina Inc., San Diego, USA), and
raw data was collated on the GenomeStudio v2010.3 (Illumina
Inc., San Diego, USA). The microarray contained 4,641,218
SNPs. Quality control (QC) on the data was performed using the
PLINK software (version 1.07) (23) to remove SNPs with a minor
allele frequency (MAF) <0.05, with >5% missing genotype
rate, failing the Hardy-Weinberg equilibrium (HWE) test at the
0.000001 significance level and Mendelian error. Approximately
39% of SNPs passed these QC criteria. Samples that failed quality
control were also excluded from the analysis. The average call
rate for the remaining 490 samples was 98.99%. Out of the 490
genotyped samples available in the Emirates Family Registry
(EFR) database (24), 411 genotyped samples included available
data on diabetes-associated complications. As a final exclusion
step, four individuals were reported as patients diagnosed with
type 1 diabetes mellitus (T1DM) and were excluded; hence,
resulting in the inclusion of 407 individuals in the study.

SNPs Selection

A search was performed using different resources, with the
aim of selecting SNPs that have been reported with CAD
or DR in individuals with T2DM. Further SNPs reported
in association with CAD or retinopathy (R) in individuals
without T2DM, were also selected. The following resources
were utilized: GWAS catalog: https://www.ebi.ac.uk/gwas/home,
infinome genome interpretation platform: https://www.infino.
me/, and GWAS Central database: http://www.gwascentral.org/.

Forty-three SNPs were initially retrieved from searching the
aforementioned resources, reported in association either with
CAD or R. Next, a search was performed on the database
established using Emirates Family Registry (EFR)(24), which
resulted in selecting 17 SNPs with significant and suggestive
associations with either CAD or R (P < 5 x 10™°). The 17 SNPs
are reported in Table 2, as SNPs found in the Emirati cohort
under study. The current study focused on DR and CAD as
T2DM associated complications, given that DR was reported as
the single most prevalent T2DM complication among Emiratis,
followed by CAD prevalence, as reported by Jelinek et al. (21).

Statistical Analysis

Statistical analyses for demographic, clinical and laboratory data
were performed using Microsoft Excel and R (28) software was
utilized in performing graphical normality tests of distribution.
Continuous variables results were expressed as mean =+ standard
deviation, or as median and interquartile range (IQR) for highly-
skewed distributions; while categorical variables were presented
as counts and percentages. For comparisons between cases and
controls, the Pearson chi-square test was utilized for categorical
variables or Fisher’s exact test when expected frequencies were
<5. For continuous variables statistical differences were assessed
using two-tailed Student ¢-tests for normally-distributed data, or
using the Wilcoxon rank-sum (Mann-Whitney) test for highly-
skewed data. Results were considered of statistical significance
when the p-value was <0.05. Data quality control was
implemented using the Hardy-Weinberg Equilibrium (HWE)
test via Plink Software (23), where a P < 0.005 indicates
significant deviations from HWE, reflecting issues such as
population stratification (23, 29) or genotyping errors (29).
Such SNPs were excluded from the analysis to avoid biased
conclusions. For the purpose of assessing genetic risk factors
that are associated with development of diabetic retinopathy
(DR), or coronary artery disease (CAD), or both of these
complications (DR+CAD), a multivariate logistic regression test
in Plink Software (23) was performed to evaluate the association
between a T2DM complication as a result (response or dependent
variable) and the presence of a SNP (predictor or independent
variable). Furthermore, adjusting for covariates was considered
in generating measures of association and significance within
the statistical modeling, where covariate adjustment is based on
factors which showed a significant difference between cases and
controls. Covariate adjustment was conducted for each group in
the study cohort as follows; for the R vs. no R group, age and
diabetes duration were considered as covariates; for the CAD
vs. no. CAD group, gender, age, hypertension, dyslipidemia and
smoking behavior were adjusted for as covariates; finally for
the CAD+DR vs. no CAD and no DR. group, age, diabetes
duration, hypertension, and dyslipidemia were considered as
covariates. The Bonferroni correction was performed to account
for multiple testing that is conducted in this study, where the
a-value is adjusted from 0.05 to a new a-value = (0.05/N)
(30), where N refers to the number of statistical test performed.
In the current study, 17 SNPs were investigated in association
with certain T2DM complications. Therefore, a new a-value =
(0.05/17) = 0.002941 is set. Results from our multiple testing
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TABLE 2 | The study selected SNPs according to their previous reports, together with reported associated traits and ethnicities.

SNPT ID Gene(s) Chr: BP Associated population Associated trait References
rs7553035 RD3 1: 211691706 European Rt (25)
rs10004839 LOC106377441 4: 138154812 European Rt (25)
rs6472155 LOC106375878; LOC105375879 8: 65730207 European Rt (25)
rs17194885 SRC 20: 36068389 European Rt (25)
rs2811893 MYSM1 1: 59162148 Taiwanese DR (14)
rs17376456 KIAA0825; LOC105379087 5: 93557702 Taiwanese DR (14)
rs12219125 PLXDC2 10: 20593087 Taiwanese DR (14)
rs4838605 ARHGAP22 10: 49699957 Taiwanese DR (14)
rs4462262 LOC105378313; LOC105378314 10: 59189178 Taiwanese DR (14)
rs2038823 HS6ST3 13: 96951433 Taiwanese DR (14)
rs9362054 LINCO16171 6: 85178268 Japanese DR (13)
rs9543976 UCHL3 13: 76136648 Chinese DR (26)
rs646776 CELSR2 1: 109818530 European cAD¥ (15)
rs4977574 CDKN2B-AS1 9: 22098574 European cAD¥ (15)
rs8055236 CDH13 16: 83212398 European(British) CcAD¥ 27)
rs10911021 LOC105371642; ZNF648 1: 182081960 European CAD (17)
rs7901695 TCF7L2 10: 114754088 African Americans CAD (16)

TBFf Base-pair position; CAD, Coronary artery disease; Chr., Chromosome number; DR, Diabetic retinopathy; R, retinopathy; SNF, Single Nucleotide Polymorphism. Findividuals

diagnosed with R or CAD but without T2DM.

approach describe a SNP as “significantly” associated SNP when
P < 0.002941. SNPs that show a direction of association (when a p
< 0.05 yet did not reach significance of new a-value) are reported
as SNPs that are “suggestively” associated with a complication.
SNPs with suggestive association are worth investigating in the
future with a larger cohort size.

RESULTS
Characteristics of Study Subjects

Demographic data, clinical and laboratory data of participants
are summarized in Table 1. A total sample of 407 T2DM Emirati
patients were recruited. Categorization of study population into 3
groups was performed based on the presence of diabetes and the
presence or absence of diabetic retinopathy (DR) and coronary
artery disease (CAD). For category 1, patients diagnosed with
DR had significantly higher age and a higher reported diabetes
duration as compared to controls without DR. In category 2,
T2DM patients with CAD had also significantly higher age
with higher total cholesterol, LDL-cholesterol, hypertension,
and presence dyslipidemia. Significantly more male patients
presented with CAD and indicated longer smoking history. For
category 3, patients with both conditions had similar results to
category 2, with higher reported diabetes duration (Table 1).

Association Between SNPs and T2DM

Complications Under Study

The 17 SNPs within our database and associated with DR
and CAD complications are listed in Table 2. The results of
associations between SNPs and T2DM complications (DR and
CAD) considering gender, age, diabetes duration, dyslipidemia,
hypertension and smoking behavior as covariates are shown in

Table 3, where covariate adjustment was performed for each
group within the study cohort based on factors which showed a
significant difference between cases and controls. Furthermore,
ORs of confounding factors in Table 3 give an indication of
the relative contribution of each factor to the others. Rs9362054
near the CEP162 gene, and rs4462262 near the UBE2DI gene
were associated with increased risks of DR (DR vs. no DR)
with rs9362054 having an odds ratio of nearly 2 and highly
significant. For CAD (CAD vs. no CAD) rs12219125 near the
PLXDC2 gene showed suggestive association, with an increased
risk of CAD with an odds ratio over 2. For the DR+CAD
category (DR + CAD vs. no DR and no CAD), rs9362054 was
significantly associated with the presence of both complications,
while rs17376456 in the KIAA0825 gene showed suggestive
association with both complications, with rs17376456 having an
odds ratio below 1 and indicative of a possible protective function
with both complications less likely to occur.rs9362054 again
doubling the odds ratio for presence of the two complications.

Comparison Between Emirati Population

and Reference Populations

We next compared the results of the identified SNPs based
on results that were previously reported in different ethnic
groups, as shown in Table 4. The SNP 159362054 near CEP162
was previously reported by Awata et al. as a locus for DR
in the Japanese population, with 1.40-fold increase in DR risk
(13). Huang et al. reported significant association of the SNPs
rs12219125 and rs17376456 with DR in the Taiwanese population
with a 1.62- and 3.63-fold increases in DR risk, respectively (14).
In the current Emirati patients study, rs12219125 is suggestively
associated with CAD, with an increase of 2.26-fold.
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TABLE 3 | Results of significant and suggestive associations between tested SNPs and T2DM complication: DR, CAD, or a combination of both.

SNPT ID Gene(s) Chr: BP A1/A2 MAF MAF OR (C1 95%)* P-value
Cases Controls
DR vs. no DR
rs9362054 LINCO1611 6: 85178268 AG 39% 50% 1.66 (1.23-2.24) 0.001
Age: 1.02 (1.00-1.04)
Diabetes duration: 1.05 (1.03-1.08)
Unadjusted: 1.62 (1.21-2.16) 0.0011
rs4462262 LOC105378313; LOC105378314 10: 59189178 AG 39% 46% 1.37 (1.03-1.81) 0.031
Age: 1.02 (1.00-1.70)
Diabetes duration: 1.05 (1.03-1.08)
Unadjusted: 1.31 (1.00-1.73) 0.050
CAD vs. no CAD
rs12219125 PLXDC2 10: 20593087 AC 3.8% 6.3% 2.26 (1.06-4.81) 0.034
Gender: 0.43 (0.24-0.75)
Age: 1.06 (1.03-1.08)
Hypertension: 3.74 (1.65-8.48)
Dyslipidemia: 5.20 (1.12-24.2)
Smoking: 0.85 (0.47-1.54)
Unadjusted: 1.79 (0.89-3.59) 0.10
DR + CAD vs. no DR and no CAD
rs17376456 KIAA0825; LOC105379087 5: 93557702 G/A 14% 9.9% 0.429 (0.193-0.952) 0.037
Age: 1.08 (1.04-1.13)
Diabetes duration: 1.01 (0.97-1.05)
Hypertension: 5.60 (1.18-26.6)
Dyslipidemia: 4.56 (0.50-41.3)
Unadjusted: 0.607 (0.312-1.18) 0.14
rs9362054 LINCO1611 6: 85178268 AG 36% 50% 2.27 (1.35-3.83) 0.0021
Age: 1.08 (1.04-1.13)
Diabetes duration: 1.02 (0.98-1.06)
Hypertension: 4.52 (0.95-21.5)
Dyslipidemia: 5.03 (0.55-45.7)
Unadjusted: 1.89 (1.21-2.93) 0.0047

TSNP, Single-nucleotide Polymorphism; Chr, chromosome number; A1, minor allele; A2, major allele; MAF, Minor Allele Frequency; OR, Odds Ratio; Cl, Confidence Interval; DR,
Diabetic Retinopathy; CAD, Coronary Artery Disease; LINCO1611, long intergenic non-protein coding RNA 1611, LOC105378313, uncharacterized LOC105378313; LOC105378314,
uncharacterized LOC105378314; PLXDC2, plexin domain containing 2; KIAA0825, protein-coding gene with uncharacterized protein KIAA0825; LOC105379087, uncharacterized
LOC105379087. Adjusted OR values are illustrated, where adjustment was performed using factors that show a significant difference between cases and controls for each group within

the studly cohort. *A2, the major allele, was used as a reference allele in logistic regression tests; Bold and italic values indicates the significance level and p < 0.05.

DISCUSSION

Diabetic retinopathy and coronary artery disease are clinically
significant complications of T2DM that lead to increased
morbidity and mortality. Genetic risk factors were found to play
an important role in the susceptibility of these complications.
Previous studies have reported a 25-50% genetic risk for DR (11)
and 40-60% risk for CAD (6). Genetic risk factors may act solely
or in combination with primary risk factors such as hypertension
and level of cholesterol, leading to these diabetic complications.
In the present study, we investigated genetic risk factors
associated with DR, CAD or a combination of both complications
in a case-control study of T2DM Emirati patients. In the
following discussion, we will also present the possible functions
of the genetic loci associated with each category in an attempt to

identify possible pathways that may be involved in the etiology
of DR or CAD. Demographic, clinical, and laboratory data
in the present study indicated a different distribution of risk
factors that may contribute to the development of the tested
traits. Although some studies report the “male gender” as a
risk factor for T2DM as reported by Nordstrom et al. (31)
yet it is attributed it to the effect of differences in visceral
fat mass between males and females; indicative of visceral fat
mass effect rather than gender. Nevertheless, studies from the
UAE either do not report gender as a risk factor as reported
recently by Sulaiman et al. (32) or report female predominance
in terms of T2DM incidence among UAE residents (33).
As reported by Ali et al. (33) restricted outdoor physical
activities due to sociocultural norms as well as the lack of
culturally-sensitive exercise facilities contribute to lower physical
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TABLE 4 | Comparison between SNPs reported with T2DM complication in this study: DR, CAD, or both, with previous reports.

SNPT ID Chr. No.  Gene(s) Ref. Ref. Our Reported trait Our reported trait References
population population reported
p-value OR p-value
DR vs. no DR
rs9362054 6 LINCO1611 1x10°6 1.40 0.001 DR, T2DM, Japanese DR, T2DM, Emirati (13)
rs4462262 10 LOC105378313; 9 x 1078 - 0.031 DR, T2DM, Taiwanese DR, T2DM,Emirati (14)
LOC1056378314
CAD vs. no CAD
rs12219125 10 PLXDC2 9 x 1079 1.62 0.034 DR, T2DM, Taiwanese CAD, T2DM, Emirati (14)
DR + CAD vs. no DR and no CAD
rs17376456 5 KIAA0825; 3x 10715 3.63 0.037 DR, T2DM, Taiwanese DR+CAD, T2DM, (14)
LOC105379087 Emirati
rs9362054 6 LINCO16171 1 x 1076 1.40 0.0021 DR, T2DM, Japanese DR+CAD, T2DM, (13)
Emirati

7‘CAD, Coronary artery disease; Chr.No, Chromosome number; DR, Diabetic retinopathy; KIAA0825, protein-coding gene with uncharacterized protein KIAA0825; LINCO1611, long
intergenic non-protein coding RNA 1611, LOC105378313,uncharacterized LOC105378313; LOC105378314,uncharacterized LOC105378314; OR, Odds ratio; PLXDC2, plexin domain
containing 2; Ref, Reference; SNR, Single Nucleotide Polymorphism; T2DM, Type 2 diabetes mellitus.

activity and higher predominance among female residents in
the UAE.

The top SNP, rs9362054, significantly associated with DR in
the T2DM Emirati cohort, is located on the LINC01611 gene or
alternatively called RP1-90L14.1, a long intergenic non-protein
coding RNA 1611. Although the SNP, 159362054 also shows a
significant association with DR+CAD (in the DR+CAD vs. no
DR and no CAD group), to our current knowledge its potential
association with CAD has not yet been established in literature.
Therefore, 1s9362054 is discussed herein only in the context of
DR. The SNP rs9362054 is an intronic variant, and was previously
reported to be associated with DR in a Japanese population
using the GWAS approach (13). The nearest protein-coding gene
to LINC01611 (using UCSC database), is CEP162 (centrosomal
protein 162), which is alternatively called QNI1. A connection
between the long non-coding RNA LINC01611 gene and CEP162
gene may be possible via cis-regulation exerted by cis-acting
IncRNA, which controls expression of genes nearby the IncRNA
transcription sites (34). CEP162 protein is utilized in promoting
the assembly of the transition zone of the primary cilia found
on the apical surface of the majority of mammalian cells in
GO/G1 phase of the cell cycle (35). Primary cilia are important
in cell signaling, thermo-, mechano- and chemosensation (30—
32, 35, 36). Defects in cilia are found to be associated with several
disorders, including retinal degeneration, liver, and kidney
diseases, a group of disorders termed ciliopathies (36). Ciliary
dysfunction affects retinal photoreceptors; where a transport
process across the retinal connecting cilium is disrupted, leading
to reduced survival of retinal photoreceptor cells (36, 37).
CEP162 loss halts the ciliogenesis process, specifically the
assembly of the connecting cilium stage (35), which in turn affects
protein transport process and resulting in retinal degeneration
(36) (Figure 1). However, the effect of dysfunctional neurons
on retinal vasculature physiology and survival remains poorly
understood (38). In transgenic rats (TGR) overexpressing a
mutant cilia gene (38), encoding polycystin-2 protein, resulted in

neuronal death and subsequent retinal degeneration. The ciliary
protein polycystin-2 is located in the connecting cilium and its
dysfunctional expression results in defective protein transport
across the connecting cilium. The study further reported similar
phenotypes to diabetic retinopathy including vasoregression, loss
of endothelial capillary cells and pericytes (38). This association
between a ciliary gene and DR was previously discussed in Awata
etal. (13) and verifies our finding that a similar process is present
in the Emirati patient group.

Another SNP suggestively associated with DR in our study is
rs4462262. This is an intergenic SNP, which is located between
the uncharacterized genes LOCI105378313 and LOCI05378314.
This SNP was previously reported to be associated with DR
in a Taiwanese population by a GWAS approach (14). A
protein-coding gene, UBE2DI (ubiquitin conjugating enzyme
E2 D1), located near rs4462262 was previously investigated
for function and possible involvement in the development
of retinopathy. UBE2DI is also known as UBCH5. UBE2D1
is one of the three classes of ubiquitination enzymes. It
is a ubiquitin-conjugating enzyme (E2 class), which accepts
ubiquitin from ubiquitin-activating enzymes (E1 class) and
catalyzes the covalent attachment of ubiquitin to other proteins.
Hence, contributing to the selective degradation of short-lived
or abnormal proteins (39). UBE2D1 interacts with enzymes
from E1 and E3 classes in the ubiquitination of hypoxia-
inducible factor alpha subunit (HIF1-a). HIF1-o is an important
regulator of oxygen homeostasis (40), and is associated with
pathological conditions that are caused by hypoxia and retinal
ischemia (41). The expression of HIFl-a is up-regulated by
hypoxia during normal retinal development (41). In diabetes
mellitus, elevated blood glucose levels negatively affect retinal
capillaries, resulting in their incompetence on functional and
anatomical levels that manifest as retinal hypoxia that can lead to
proliferative retinopathy. Persistently-high glucose levels induce
further damage to retinal capillaries and vessels that eventually
result in hypoxia (41). Under hypoxic conditions, levels of
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FIGURE 1 | Proposed pathway by which rs9362054 SNP can be associated with DR. CEP162, centrosomal protein 162; CC, Connecting cilium; IS, Inner segment;
ncRNA, Non-coding RNA; OS, Outer segment. See text for further details.

154462262

LOCI105378313 &

LOC105378314
(ncRNA) Nearby protein-coding gene: UBE2D1

uncharacterized

-
——’— 1

r____-___-__-_‘gf—— L e e e e e e e

Angiogenesis &

neovascularization

[
1
1
ocular :
|
|
1

FIGURE 2 | Proposed pathway illustrating association of rs4462262 SNP with DR. HIF1-a, hypoxia-inducible factor 1-alpha; ncRNA, Non-coding RNA; UBE2D1,
ubiquitin conjugating enzyme E2 D1; VEGF, Vascular Endothelial Growth Factor. See text for further details.

Frontiers in Endocrinology | www.frontiersin.org 8 May 2019 | Volume 10 | Article 283


https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Azzam et al.

Genetic Association of DR and CAD With T2DM

HIF1-a protein are elevated and its ubiquitinated portion
decreases, which results in HIF1-a accumulation in the nucleus
(Figure 2). Consecutively, HIF1-a activates the transcription
of different target genes, including the Vascular Endothelial
Growth Factor (VEGF), which is involved in angiogenesis and
ocular neovascularization (41, 42), a characteristic of diabetic
retinopathy. The detailed hypothetical model of the association
between ubiquitin-conjugating enzyme UBE2D1 and HIF1-a in
the development of DR is shown in Figure 2.

Finally, rs12219125 showed suggestive association with CAD
in T2DM Emirati patients, and was previously reported to
be significantly associated with DR in a Taiwanese population
(14). This is the first study to investigate the association of
the rs12219125 SNP with CAD in T2DM patients. This SNP
is located in an intergenic region, and the nearest protein-
coding gene is PLXDC2. The protein encoded by this gene,
which is known as Plexin domain-containing protein 2, was
suggested to play a role in tumor angiogenesis (43). Furthermore,
a study by Cheng et al. identified the transmembrane protein
PLXDC2 to be one of the cell-surface receptors for Pigment
Epithelium Derived Factor (PEDF) (44). PEDF is expressed
in different tissues including eye, brain, liver, heart, and
lung, where it is an important inhibitor of angiogenesis,
with an anti-tumorigenic, anti-thrombotic, and anti-metastatic

function (44). It also has been utilized in the treatment of eye
diseases including diabetic retinopathy, ischemic retinopathy
and age-related macular degeneration, where reduced PEDF
levels in the eye are associated with the susceptibility to these
disorders (44). The hypothetical model for association between
PLXDC2-PEDF and DR is shown in Figure 3. One previous
study agreeing with our results, reported that elevated serum
PEDF levels were observed in patients diagnosed with coronary
artery disease (CAD) (45).These higher levels of PEDF may act
as a protective mechanism in response to vascular damage and
atherosclerosis (45). In addition to inhibition of angiogenesis,
PEDF inhibits inflammation and cardiovascular remodeling and
is an important target in the prevention of atherogenesis and
necrotic core progression. Furthermore, PEDF serum level was
found to be correlated with necrotic core progression during
statin therapy, which suggests a protective response mechanism
aimed at protecting against core progression (46).

Studies investigating the association of the SNPs rs9362054,
rs4462262, rs12219125, and rs17376456 are summarized in
Table 4, including this study. In the Emirati population under
study, rs12219125 is suggestively associated with CAD with
increased risk of 2.26-fold, whereas in the Taiwanese population
it was associated with a 1.62-fold increased risk of DR (14).
Discrepancies in reported risk levels between our population and

rs12219125

Nearby protein-
coding gene:

RECEPTOR

Elevated PEDF serum
levels in CAD patients

PEDF levels correlated

plaques

PLXDC2, plexin domain containing 2. See text for further details.

=—> Protective against vascular damage & atherosclerosis

with necrotic core of = Protective against progression of plaques necrotic core

FIGURE 3 | Proposed pathway by which rs12219125 SNP may be associated with CAD as a T2DM complication. PEDF, Pigment Epithelium Derived Factor;
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reference populations can be explained by the larger number
of subjects in the Japanese and Taiwanese GWA studies in
comparison to our study. Moreover, differences in confounding
factors for adjustment of logistic regression models between
our study cohort, the Japanese and the Taiwanese cohorts can
further contribute to discrepancies, which is dependent on
each cohort under study and is based on factors that show
significant difference between cases and controls. For example,
adjusting for hypertension state as a confounding factor was
performed in the current study, while it was not considered
as a confounder in the Japanese and Taiwanese GWA studies
despite significant difference between cases and controls. One of
the strengths of the present study is that patients were recruited
from the two largest hospitals in Abu Dhabi, UAE; making our
sample fairly representative of Emirati patients. Nonetheless, a
limitation of this study would be the small sample size (n =
407). Another limitation inherent to the current study is that the
logistic analyses performed did not include treatment approaches
as most patients are diagnosed with multiple conditions and
are undertaking several treatments which would affect the
analyses stability if multiple drug classes were to be adjusted
for. A future study with a larger sample size is important in
confirming these findings in association with T2DM in the
Emirati population A future study with a larger sample size is
important in confirming these findings in association with T2DM
in the Emirati population which can help in the future for early
detection of complication for T2D patients with certain SNPs for
a preventative manner.

In conclusion, our study findings contribute to the
understanding of the genetic susceptibility of CAD and DR
in patients with T2DM. We report associations of CAD with the
PLXDC2 gene and DR with the UBE2D1 gene, both of these genes
may contribute to DR and CAD as part of diabetes progression
by playing a role in angiogenesis and neovascularization.
Moreover, association between the ciliary gene CEP162 and
DR was established in terms of neural processing in the retina,
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